Burning fossil fuels releases chemical energy. This chemical energy is stored in the mild electromagnetic interactions between atoms in a compound. Nuclear energy, on the other hand, comes from the very central regions of the atom. As the name suggests, it is stored in the nuclei, which are kept together by the strong force. The strong force is much stronger than all the other forces, including the electromagnetic one. As a result, nuclear fuel has an energy density about ten million times larger than chemical fuel. If your car was running on nuclear fuel, its gas mileage would be something like hundreds of millions of MPG.
From light to darkness
The physics revolution that characterized the first three decades of the 20th century and led to the development of quantum mechanics and nuclear physics, was followed by the second World War. In 1942, the United States started a very ambitious project to build a nuclear weapon. The Manhattan Project, led by Robert Oppenheimer and gathering some of the best physicists on the planet, culminated with the successful Trinity experiment in 1945 (Fig.1) . The first detonation of a nuclear weapon was the most shocking demonstration of the great power of science and the scientific method. Only less than a month later, two nuclear bombs were dropped over the Japanese cities of Hiroshima and Nagasaki, resulting in the end of WWII and the death of hundreds of thousands of people. The sheer destruction inflicted by the atomic bomb left an indelible mark on humankind's consciousness, formally starting a new era in the history of man. An era of greater responsibility. While no nuclear weapons have been purposely used in war ever since, more than 2000 nuclear tests have been performed after the Trinity, Hiroshima and Nagasaki explosions.
Nuclear weapons testing videos on Youtube
Between 1945 and 1962 the United States conducted 210 atmospheric nuclear tests. Each event was captured with special cameras, able to record at around 2,400 frames per second. Many declassified films of these tests have been recently retrieved by the Lawrence Livermore National Laboratory (LLNL) and released on Youtube. Below I'll show that is possible to determine the total energy liberated during these tests by estimating the expansion rate of the blast wave. Something that can be done solely from the video of the . Using a few images of the explosions that were shared with the rest of the world by the US army, they determined the total energy released by the new weapon, an information that was highly classified at the time.
"Science: It works, bitches!"
A nuclear weapon releases, almost instantaneously, a very large amount of energy. This is deposited in a relatively small area, leading to a spherical blast wave expansion. The evolution of this blast wave turns out to be a relatively simple physical problem, since the only important variables of the problem are the total deposited energy E 0 and the density ρ 0 of the medium in which the explosion occurs. This means that the radial evolution of the fireball depends only on the energy yield of the weapon and the density of the material in which it exploded (in this case air). Conversely, if one can measure the expansion rate of the fireball in a medium of known density, one can retrieve the energy of the explosion. I tried reproducing what Sedov and Taylor did in 1945 with the Trinity test, using one of the newly released footage from the Tesla test, part of operation Teapot. This particular bomb was exploded on the 1st of March 1955 in the Nevada test site, some 65 miles north west of Las Vegas. In Figure 2 six frames extracted from the youtube video show the expansion of the blast wave. Below I re-derived the Sedov-Taylor solution, which I used to fit the data and estimate the total energy of the blast in Figure 3 . The data and the code I used is accessible through the data icon in that figure. The best fit is obtained for an energy of 4.3 kilotons, which given the approximations and the very rudimental way I used to determine the location of the blast wave radius, is in very good agreement with the value declared by LLNL (7 kilotons). Science works! You can try doing this with some of the other videos, and check if the declared energy of the weapon matches what you find. For more details on the Taylor-Sedov solution see Taylor (1950); SEDOV (1959) .
Figure 2: Frames sequence extracted from the recently declassified video of the "Tesla" nuclear test, part of operation Teapot (Nevada, 1955) . The weapon was placed on top of a 308ft tall tower (visible in the top-left frame). The high-speed camera was recording about 2,400 frames per second. The 'spikes' visible on the lower part of the expanding fireball are due to mooring cables being vaporized by the radiative precursor (rope trick effect), debris of the weapon's casing are visible in frames 16 and 28. We estimated the approximate position of the blast wave from the radius of the fireball at different times (overlaid dashed circles). Watch the original video here. Credits: LLNL
Sedov-Taylor Solution
We want to determine the evolution with time of the radius of the spherical blastwave. We assume that the explosion is releasing almost instantaneously a very large amount of energy in a medium with constant density. In this case the only variables of the problem are the initial energy of the explosion E 0 and the initial density ρ 0 of the medium. These two quantities have dimensions
, where M, L, t represent dimensions of mass, length and time, respectively. We can then find the evolution equation of the fireball noticing that there is only one way to combine E 0 and ρ 0 in order to obtain a quantity with dimensions of a length:
The equation that determines the evolution of the fireball radius is therefore:
where A is a dimensionless constant of order unity (see the Appendix). 
Figure 3: Since the air density is known, the Sedov-Taylor solution has one single parameter (the initial blast energy E 0 ) which we determined fitting the observed data obtained from the recently declassified video posted on youtube. The best fit is obtained for E 0 = 4.3 kilotons, which is the right order of magnitude when compared to the energy declared by LNLL for this experiment (7 kilotons). Python code used to generate this figure. 
